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INTENSITY OF TRADE AVONG THE CMEA AND THE EEC
1. Introduction

The paper aims to examine the relative intensity of intra-
-regional trade among seven European member countries of the
Council of Mutual Economic Assistance (CMEA) and nine member
countries of the European Economic Community (EEC) in the period
1970-19801.

The analysis is based on stochastic measures (compatibility
and correlation coefficients) defined on the international trade
flow matrix, (he value of these coefficients depends on the ratio
of actual and theoretical trade flows. The latter are derived by
use of a probabilistic model . It is assumed that the origin and
the destination of the consignments traded internationally are
quasi-independent5.

Methodological concepts are introduced in the Appendix A
(Section 5). The SCORE algorithm used for calculation of the pa-
rameters S, Pit Qj determining the theoretical trade distribu-
tion and, subsequently, the bilateral trade intensity indices
(compatibility and correlation coefficients) is also provided.

Assoc. Prof., Foreign Trade Research Institute, Warsaw,Po-
land.

1 Complete results of the study are presented in J. Koty ri-
sk i (1979) to be published in 1986, Cf. also separate studies
on the intra-group trade of the CMEA (j. Koty ns ki (1963)).
and Ehe EEC (J. Kot yrts ki (1984)).

Tne approach proposed by I.R. S avage and K.V.
Deutsch (1960).

3 This term was introduced by L. A. Go o dnan (1968).



In Section 2 the empirical results obtained by application
of an open trade model are presented. This approach takes into
account not only the intra-group trade but also the CMEA and the
EEC dependence on trade with other countries in 1980.

In Section 3 a close group trade model is adopted. In this
case the CMEA and the EEC trade links with non-member countries
are not taken into consideration.

Respective integrational groupings are subdivided in both
Sections 2 and 3 into subsets which agglomerate the partners most
strongly linked by trade. For that purpose some taxonomic methods
are applied, e.g. dendrite arrangement.

Thu conclusions on the concentration of the intragroup trad?
and on the arrangement of countries according to their mutual
trade distance are summed up in Section 4. They differ substan-
tially, depending on the trade model selected as a basis. The
approaches 9<innte<j ‘r. Sections 2 (open model) and 3 (closed mo-
del) are however complementary. They allow, on the one hand, for
evaluation of the tendency towards strong geographical concen-
tration of the CVEA and the EEC global trade on the intra-regio-
nal turnover. On the other hand, the tendency towards relatively
uniform geographical distribution of the intra-trade of the res-
pective groupings is also revealed and quantified.

2. Application of an open trade nmodel

2.1.__Intra-CMEA Trade

Trade intensity indices (correlation and compatibility coef-
ficients)4 have been computed on the basis of the 1980 world
trade matrix (fob, in US dollars), disaggregated by 35 countries
or regions, compiled from the UN trade statistics ("Monthly Bul-
letin... "(1982)). Values of the indices are multiplied by 100.
Hence the correlation coefficients are scaled in the interval
< -100, 100 >. The compatibility coefficients corresponding to
the quasi-independence level of inter-country trade are equal to

For definitions and methods of calculation of the trade in-
tensity indices see Appendix A
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100. In case of no trade the latter coefficients are equal to O.
Higher values of both kinds of indices reflect higher intensity
of bilateral trade links or lower relative trade distance"*.

Both trade intensity measures are closely related. Shares of
total exports arid imports of partners in the global value of in-
ternational trade constitute however a special factor influencing
the level of correlation coefficients.

Kig. 1. Dendrite arrangement of the European CVMEA member
countries by distance in their intra-trade in 1980 (open model)
a) taxonomic distance estimated as an arithemetic average of cor-
relation coefficients, b) taxonomic distance estimated as an in-

verse geometric average of compatibility coefficients

5Cf. K W Oeutsch, W Ilsard (1961).



Intensity of intra-CMEA tr.ade in 1980 measured by
correlation and compatibility0 coefficients (open model)

Importer Bulgaria Czecho- Hungary Poland Rumania
slovakia GOR
Exporter
Bulgaria 2.1 3.7 1.3 2.3 1.5
(412) (605) (317) (403) (341)
Czechoslovakia 2.7 6.2 5.7 6.? 2.7
(521) (1 020) (895) (774) (463)
GOR 4.5 9.6 4.0 6.4 3.4
(741) (1193) N. (608) (741) (514)
Hungary 1.0 4.4 4.5 2.4 1.6
am " Ve ' (307) (826) (767) (455). (381)
Poland 2.6 7.0 6.3 3.0 2.8
(476) (917) (761) (491) (328)
| ]
Rumania 1.5 2.6 4.1 2.3 2.0
(363) (451) (613) (453) (340)
USSR 21.3 16.5 20.3 15.2 17.5 5.6
____________ _ (1 543) (998) (1 106) (1 029) (941) (428)
s mmmms —=dVlaa J

a In parentheses.
Source: Calculations based on the WN trade series "Monthly Bulletin..."

20.0
(1 490)

36.4
(1 047)

19.5
- (1133)

10.3
(889)

15.3
(929)

7.0
(548)

(1982).

j
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Estimates uf the intensity indices obtained from an open trade
model for the intra-CMEA turnover in 1980 are shown in Table I.
Main conclusions can be drawn easier if the results are presented
graphically (Figure 1.) For each country of the group a closest
(nearest) trade partner was selected. For this purpose two alter-
native trade distance measures were computed a3 transforms of
the trade intensity indices. The first (inverse) measure, defi-
ned as an arithmetic mean of correlation coefficients related
to bilateral export and import flows, was utilized for construc-
tion of the dendrite in Figure la. The second (direct) trade dis-
tance measure, determined as an inverse geometric mean of respe-
ctive compatibility coefficients, was applied in Figure Ib6.

Graphic arrangement of countries by their trade distance might
be different if two criteria are used alternatively as distance
measures. In fact, some differences in graphs representing the
intensity of the intra-CMfcA trade in 1980 have been found when
an open trade model was applied (cf. Figure la and Ib). On the
other hand, for the intra-EEC trade in 1980 (open model) and for
the intra-trade of both groupings in 1970-1980, examined by use
of a closed model (Section 3), no essential, qualitative diffe-
rences in relative trade distance estimates have been revealed
when alternative distance measures were applied (cf. Figure 3
and 4).

The analysis based on an open trade model confirmed that the
Soviet Union occupied a central place in the intra-CMEA trade,
not only in absolute but also in relative terms. The USSR is the
nearest partner for all other CMEA countries if the trade distance
is measured by correlation coefficients (Table 1, Figure Ila),
though the estimates of distance between the USSR arid other
countries (average correlation coefficients x 100 vary from about
6 (Rumania) to about 20 (GDR) or nearly 21 (Bulgaria). In terms
of both open and closed models Bulgaria and the USSR have mutual-
ly been the nearest partners for the whole 1970-1900 period, i.e.
they have constituted a first - order conglomeration?.

6 Values of both distance measures are multiplied by 100.

7 Connection between respective models of dendrites for first-
order conglomerations are distinguished by a bold line. On the
other hand a broken line joins separate subsets of countries.
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A dendrite built on the basis of compatibility coefficients
(Figure 1Ib) is more diversified than that corresponding to the
correlation coefficients matrix (Figure la). Compatibility coef-
ficients are not weighted by trade shares, hence they are not
influenced by a major trade share of the USSR. Nevertheless, even
in terms of compatibility coefficients and derived taxonomic di-
stance indices the USSR was in 1980 the nearest partner for all
other CVEA countries but Czechoslovakia and Rumania, linked re-
latively closer to the GDR (Figure Ib).

More detailed analysis of inter-country links within the QWEA
can be made on the basis of the matrix of trade intensity coef-
ficients reproduced in Table 1.

2.2. Intra-EEC Trade

Analogous calculations have been made for the intra-EEC trade
(open model) in 1980. The results are provided in a matrix form
(Table 2) and they are summed up graphically in a dendrite (fi-

2.8 :1(55)

Fif). 2. Oendrite arrangement of the EEC member countries by di-
stance in their intra-trade in 1980 (apen model)



Intensity of intra-EEC tretie in 1960 measured by correlation and compatibility3
coefficients 'open model)

x 100

Importer Belpium- The Ne- United

Exper t Luxemburg Denmark FRG m Franee Ireland Italy ther- King-

lands dom

RBelgium-Luxemburg 0.5 7.2 9.3 -0.7 0.4 10.8 2.7
(124) (210) (271) (54) (109) (368) (160)

Denmark -0.9 2.8 -0.7 -0.1 0.0 -0.2 4.0
(55) (188) (72) (87) (102) (90) (279)

FRG 5.9 2.8" 7.4 -0.9 4.8 8.6 1.4
(182) (179) (173) (66) (157) (215) (116)

France 6.6 -0.9 3.8 -0.4 7.6 0.2 1.3
(221) (69) (141) (83) (219) (103)  (120)

Ireland 0.5 -0.2 -0.1 0.2 -0.6 0.5 11.9
(136) (77) (98) (109) (62) (134) (839)

Italy 0.4 -0.5 6.2 7.0 -0.6" -0.3 -2.9

(92) (77) (207) (218) (64) (92) (40)

The Netherlands 14.1 2.1 14.7 3.2 -0.3 ilo44 -3.7

(453) (205) (317) (158) (81) (122) (21)

United Kingdom 2.7 3.4 1.6 1.4 16.9 -0.7 2.8
(156) (243) (119) (120) (1 025) (88) (155)

3 In parentheses.
Source; Calculations based on the UN trade series "Monthly Bulletin..." (1982).
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gure 2)B. In this case the use of two types of trade distance in-
dices resulted in identical dendrite arrangement of countries.
Two subsets of the EEC countries have been distinguished. The first
one is composed of six original member countries of the Common
Market. Among them the Benelux countries constitute a first-order
conglomeration. The second subset comprises the United Kingdom
linked closely with Iroland (first-order conglomeration) and
Denmark. The shortest trade distance between two subsets corres-
ponds to the trade connection between Denmark and the Federal
Republic of Germany.

A linear ranking of countries by trade distance is charac-
teristic of the EEC (Figure 2). On the other hand, the pattern
of the intra-CMEA trade (Figure 1) is characterized by adistinct,
concentric arrangement if an open model is applied.

3. Application of a closed trade model

3.1. Intra-CMEA trade

A closed model, applied for a specific group of countries,
implies the use of a regional trade matrix as a basis for calcu-
lation of trade intensity indices. Thus the trade links of the
selected group of countries with outside trade partners are not
taken into consideration.

Correlation and compatibility coefficients derived from the
intra-CMEA trade matrices for 1970, 1975 and 19B0 are specified
in Table 3. Main trade links among the CMEA, resulting from the
closed model, are illustrated graphically in Figure 3. A slightly
different dendrite arrangement of countries, due to the employ-
ment of alternative types of intensity measures, has been deter-
mined only for the year 1980 (either Czechoslovakia or Rumania
were selected as the nearest partners of the GDR, forming with
the latter country a first-order conglomeration). Generally,

In Figure 2 and following the figures in parentheses are
taxonomic distance estimates determined as inverse geometric
means of compatibility coefficients while the figures written
above are arithmetic means of correlation coefficients.



Intensity of intra-CMEA trade in 1970, 1975, 1980 measured by correlation3

and compatibility coefficients (closed model) x100
.. Czechoslo- .
porter Year Butgaria vakia R Hungary Poland Rumania USSR
Exporter a b a b a b a b a b a b a b
1970 -5,1 57 -3,1 79 -4,6 51 -5,B 52 -2,0 72 11,6 130
Bulgaria 1975 -4.9 58 r* 7 67 -5,9 40 -6,0 50 -0,7 89 12,9 136
1960 -6,1 50 -4.2 70 -5,7 44 -5,3. 59 -0,5 93 12,1 127
1970 -3,6 69 122 2,5 120 3.0 119 56 159 -6,5 B7
Czechoslovakia 1975 -6,4 48 5.2 129 2.2 118 3,4 122 3,0 134 -4,7 90
1960 .5 = 57 3,8 123 3,4 128 2,6 117 2,7 130 -3,8 93
1970 -2,8 8 5,0 127 2,9 119 2.B 115 -0,9 92 -4,7 92
GDR 1975 -4,5 68 6.9 13B 4,7 131 2,7 115 1.6 116 -6,5 86
1980 -3,3 77 7,0 142 -2.4 B2 1,0 106 3,7 137 -3,1 95
1970 -5.6 33 3,2 127 0.5 104 -0,7 94 -0,7 90 0,9 102
Hungary 1975 -7,0 32 2,3 118 2,1 114 -3,7 72 1,1 116 2,4 106
1980 -4,6 42 3,0 131 1,7 116 -1,4 86 2,0 135 -0,3 99
1970 -4,9 54 2,5 117 0.1 101 -0,2 98 -0,7 92 1,0 102
Poland 1975 -4.,4 65 4,8 130 2,2 112 =*4.1 69 0,5 105 -0,3 99
1980 -4,6 62 5,4 138 1,4 109 -1.9 84 0,9 110 -1,0 98
1970 *3,5 47 4,0 144 -2.3 80 4,3 106 -2,1 77 1,8 106
Rumania 1975 -1,9 72 1,2 113 -0,3 97 1,5 121 -0,3 96 -0,1 100
19B0 -2,0 7% 0,7 108 4,2 140 1,8 123 -0,3 97 -2,8 92
1970 10,3 129 -5,4 89 -0,6 99 -1,3 97 0,2 100 -1,1 96
US5R 1975 13,6 135 -6,8 66 2. 95 0,2 101 1,0 102 -3,3 88
1980 104 121 -5.B 90 ‘372 95 27 106 11 102 -4.6 66

3 Columns a.

b Columns b.
Source: Calculations based on the UN trade series "Bulletin Monthly..." (19B2).
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Fig. 3. Dendrite arrangement of the European CMEA member countries
by distance in their intra-trade in 1970, 1975,
1980 (closed model)
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structural trade interconnections within the CMEA revealed by the
model adopted in this section are more diversified than those
demonstrated earlier on the basis of an open model. The proce-
dure utilized for calculation of the trade intensity indices eli-
minates the impact exerted by unequal total trade volumes of in-
dividual countries on levels of bilateral .trade flows. The expe-
cted geographical distribution of trade is determined by actual
export and import margins (hypothesis of origin-destination quasi-
-independence). Thus, for instance, a fact that the USSR is by
far the largest exporter and importer of goods destined for and
originated from the CMEA countries is automatically taken into
account by the standardization procedure and it does not influ-
ence the level of relative trade interd)sity indices, and the com-
putibility coefficients in particular . The latter depend only on
deviations of actual from expected flows in the bilateral trade.
The deviations computed on the basis of the closed model (Section
2) are positive and significant for all intra-CMEA trade flows.
In view of the closed model actual flows within the CVEA are ra-
ther approached to their expected values, and the compatibility
as well as the correlation coefficients oscillate obout their
average levels, i.e. 100 and 0, respectively. It does not mean,
however, that the distribution of trade among the CMEA countries
is exactly biproportional to the trade margins. Some degree of
relative concentration of the intra-CMEA turnover has been expo-
sed also by use of 3 closed trade model.

In this case it was as well established that especially close
trade links existed between the USSR and Bulgaria. In all years
under investigation these two countries formed a first-order con-
glomeration (cf. figure 3) as well as a separate subset within
the CMEA. Another subset comprised the remaining five countries,
of which other first-order conglomerations could be isolated:
Czechoslovakia - Rumania in 1970, Czechoslovakia - GDR in 1975
and Czechoslovakia - GDR or GDR - Rumania in 1980 (in the latter
case the classification depends on the employed measure of trade
distance).

9 Correlation coefficients are, however, partly affected (by
the weighting system).



A3 follows from the analysis of dendrites (Figure 3), Cze-
choslovakia has occupied a special position in the intra-CMEA
trade. Her trade has been spread uniformly enough among the part-
ners from the second subset (excluding the Soviet Union and Bu-
lgaria). Hence Chechoslovakia emerged as a nearest trade partner
for other three or four CMEA countries (including Poland) in the
1970-1900 period.

On the other hand the trade link between the USSR and Hungary
(in 1975 and 1900) or between the USSR and Poland (in 1980) was
the shortest trade connection between the two subsets of the Eu-
ropean CMEA countries.

3.2. Intra-EEC Trade

The trade intensity indices for the EEC region derived by
use of a closed model for the years 1970, 1975 and 19801J are
listed in Table 4. Oendrite arrangement of the EEC countries in
their intra-regional trade is demonstrated in Figure 4.

Contrariwise to the patterns of the CVEA trade the graphs i-
llustrating the structure of the EEC trade corresponding to
the results uf an open or a closed model are not substantially
different. In figure 4 the EEC countries are broken down into
three subsets composed, respectively, of:

a) the United Kingdom, Ireland and Denmark (during the whole
period 1970-1980);

b) the Benelux countries (1970) or the Benelux and the Fe-
deral Republic of Germany (1975 and 1980);

c) France, Italy and the FRG (1970) or France and Italy (1975),
1980).

Three first-order conglomerations within the EEC are composed
of:

a) the United Kingdom and Ireland

b) Belgiura-Luxemburg and the Netherlands

c¢) France and ltaly.

Intra-regional trade matrices were compiled on the basis
of the EEC Statistics.



Fxporter

Belgium-
-luxemburg

Denmark

iIFRG

France

Ireland

Intersity of

Importer

Year

1970
1975
1900

1970
1975
1980

1970
1975
1980

1970
1975
1960

1970
1975
1980

intra-EEC trade
and compatibility

Belgium-
-Luxemburg
a b

3 4
-5,2 23
-4,0 3
-4,6 31
-1,9 9%
-2,8 91
-2,1 93
6,0 133
59 126
3,4 116
-4,2 23
-4,0 28
-3,9 33

Denmark

a b

5 6
-4,9 44
-3,2 59
-2,9 59
2,9 119
4,8 134
3,2 126
-4,6 53
-5,4 45
-4,5 48
-2,4 7
-2,0 18
1,6 36

in.1970,

RG

-2,2
2,1
2,4

-1,2

0,1
2,9

0,2
-2.8
-2,6

-8,7

-6,0
-6,0

94
93
92

90
101
125

101
93
93

13
37
41

19/5,
coefficients

1980 measured by correlation8
(closed model)

The Nether-
Franee Ireland Italy lands

a b a b a b a b
9 10 1 12 13 14 15 16
6,0 127 -54 15 -7,9 54 13.8 170
55 125 -46 20 -7,6 52 11,5 163
53 125 -50 22 -6,4 61 9.0 15]
-57 3 -05 8 -20 67 -41 43
-4,7 4 -10 53 0,5 109 -3,6 49
-¥8 5 -15 4 .10 8 -2.2 66
i,6 104 -7,8 30 56 119 4,9 114
0,2 100 -6,9 32 40 114 6,0 119
-06 98 -82 27 43 115 58 120
-53 26 10,1 151 -8,8 61

-4,2 40 10,7 155 -8,4 63

-50 38 129 164 -7,7 62

-5,2 23 -44 14 .51 13
-44 3% -3,1 3 -41 27
-2,7 63 -3.8 4 -2,7 51

United
Kingdom

a
17
-7,2

-5,4
-1,8

22,7
14,9
8,7

-10,2
-7,6
-5,0
-3,4

1,0
-0,7
38,0

27,5
22,4

b
10

bl.
67
89

499
343
229

63
74
83

81
105
97

917
658
481
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Italy

Cmy

The Netherlands

United
Kingdom

3 Columns

b Columns b.
Source:
-1981).

a.

1970
1975
1980

1970
1975
1980

1970
1975
1980

-8,3
-8,1
-8,1

7,2

7.8
10,6
-1,5
-0,6
-1,4

50

139
138
156

89
96
92

-2,8
-3,1
-3,1
-3,5
-1,9

0,4
15,7
10,0

6,6

62
55
52

60
79
105

336
260
194

8,2
7,4
3,7
6,2
7,8
7,5

-10,0

-9,4
5,1

129
127
114

118
122
123

61
62
83

7,3

8,5
12,0
-7,9
-8,3
-7,9
-3,2

-1,0
-4,4

10

137
144
162

66
67
66

81
94
79

11

-4,0
-3,0
-4,5

-4,7
-4.,6
-4,9

37,2
33,1
32,3

Calculations based on the EEC trade statistics

12

26
35
25

27
29
32

865
825
595

(Manedlige bulletin...

13

-6,8
-i.9
7,7
-1,9
-2,3
-4,3

14

61
62
58

86
82
74

15

-7,2
-8,0
-7,7

-1,3
0,1
1,1

16

58
50
48

92
100
107

17

-1,4
-0,9
-0,3

18

90
93
98

3,7 124

-0,3
2,3

99
80

(1976

8¢¢
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Fig. 4. Dendrite arrangement of the EEC member countries by di-
stance in their intra-trade in 1970, 1975, 1980 (closed model)



Closer examination of the trade intensity indices (Table 4)
indicates that a tendency towards increasing entropy or diffusion
of trade within the group of nine West European countries stren-
gthened after the entry of the UK, Denmark and Ireland into the
Common Market.

4. _Comparisons of trade distributions
ALInQ *he CMEA and _the JEEC member countriea

The conclusions stemming from the analysis based on an open
and a closed model are complementary.

In Section 2 it was established that the intensity of intra-
-regional trade in both integrationai groupings is substantially
higher than expected on the basis of the probabilistic model ap-
plied to the world trade. In the case of the CVEA that is true
ior all cells of the 1900 intra-trade matrix. In Table 1 the va-
lues of all correlation coefficients are positive and the values
of all compatibility coefficients are several (from 3.1 to 15.4)
times higher than their "normal” (quasi-independence) level. On
the other hand, in the matrix of intensity indices obtained for
the intra-EEC trade in 1900 (Table 2) there are some negative
entries (correlation coefficients) or the values of compatibility
coefficients lesser than 100, viz. those related to trade of
Ireland, Denmark and Italy..

Some differences irt the dendrites illustrating the most in-
tensive trade links within the both groupings have also been esta-
blished. Strong concentration of the CVEA trade on the turnover
within the region is accompanied by particularly high intensity
of trade with the USSR. This country occupies a central position
in the dendrites constructed on the basis of an open model (Fi-
gure 1). On the other hand, the arrangement of the EEC countries
by their trade distance is represented by a qiiite distinct,
linear dendrite (Figure 2). The above graphs, however, do not
allow for demonstration of relatively weak trade connections
within the both country groups, eg. between the Northern and the
Southern subset of the EEC countries.

When the closed model was applied (Section 3) is was found
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that the distribution of the intra-regional trade within the QWEA
in 1970-1980 might be quite well explained by the hypothesis on
quasi-independence of origin and destination of trade consignme-
nts. The values of total exports of individual member countries
to the CMEA and their total imports fro» that region constituted
an essential determinant of the geographical pattern in the in-
tra-CMEA turnover. Relatively uniform spread of that trade is
also reflected by a dendrite arrangement of the CMEA countries
in figure 5.

Both integrational groupings, the CMEA and the EEC, could be
split into 2-3 subsets composed of the member countries most
strongly linked by trade.

The group of the EEC countries (Figure *) is by far less ho-
mogeneous with regard to the distribution of the intra-trade than
the CMEA

The latter conclusion from the graphical analysis has been as
well confirmed by uie of some statistics dependent on compatibi-
lity coefficients. These statistics were utilized for checking
trie congruence of actual intra-CMEA and intra-EEC trade flows in
1970 and 1900 with those calculated on the basis of the quasi-
-independence hypothesis related to the intra-regional trade mo-
dels.

Ihree typus of indicators have been used (Table 5)11:

a) lheil s information inaccuracy (1), calculated as a weigh-
ted mean of logarithms of compatibility coefficients (with
actual shares, h ", of bilateral flows in the total trade value,
T, used as weights), 5

b) Mean square contingency ( @ ), defined as the chi-squ-
are statistics related to the total value of trade flows,

c¢) Pearson's contingency coefficient (C), derived from o*
and standardized in the interval of 0 to 1.

Lower values of the statistics correspond to fuller con-
gruence of actual and hypothetical distributions of trade.

Comparing the values of the above statistics and their evo-
lution in both integration groups (lable 5), we arrive at the
conclusion that the trade structure in the CMEA is much more coo-

for fuller description of the results - see 3. Kot yrt-
s ki (1964).



gruent than that of the EEC with the distribution expected on the
assumption of quasi-independence, with the given trading capaci-
ties of member countries. The trade within the EEC is marked by
a much stronger relative concentration. It evolves, however, to-
wards -more even geographic distribution.

Appendix A

A.l. Measures of Stochastic Dependence and Lorrelation
as Indices of Trade 1lntensity

Given is a square matrix of transaction flows between n coun-
tries A = «ith a main diagonal equal to zero '(a™ >0;

= i, j s 1, n). The total value of exchange (sum of
flows) is equal to T:

1
E

There are 2n random variables Ult VW with bevariate distributions
defined on this matrix. We assume that - 1 (with the ex ante
probability Pj) when country i is an exporter in the given tran-
saction chosen at random, and that « 1 (with the ex ante pro-
bability Qj) when country j is an importer in such transaction.
In the remaining cases, the random variables and WV are equal
to zero. Variables Uj, V, (i, j =1, ..., n) are quasi-indepen-
dent if the total ex ante probabilities P.A * P(Jj =1, v = 1)
are defined by the formulas:

oij mw for i /3 i, j =1, n (2)

for i *j (3)

where:



Congruence statistics for the CMEA and the
(based on conpatibility coefficients ¢

trade matrices in 1970, 1980
quasi-independence hypothesis)

EEC regional
closed model,

i c
Type of statistics Formula? CMEAD EEC
yP 1970 1980 1970 1480
Structural discrepancy n n
(Theil s information I *2. 2 th. 1°9 .
jinaccuracy) 1--1 ji-1 1] 0.00B 0.00I' 0.052 0.035
in
w2 N n -
1Mean square contingency Ll b V| E SN | 0.030 0.031 0.368 0.213
n n
a 2 2 »Y -
1=1 J-1
1
IPearson's contingenc C S
coefficient geney Lrty ) 0.169 0.172 0.519 0.419
I nn Ve
A I A
,121
n n

refi 9\

3 For denominations of explanatory variables

- see Appendix A b 7 European member-couotries (n =

= 7). ¢ 9 countries (n * 8) d In hartleys.
Source The author s calculations published in J. Kotynsk.i (1984/, based on the
UN the EEC statistics (Ménedlige bulletin... (1976-1981), Monthly Bulletin... (1982)).
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Pj . weans the ex ante joint probability (theoretical freq-
uency) with which a transaction between two definite countries,
i (the exporter) and j (the importer), is expected in the whole
set of transaction.

Probabilities P», Q., P~ (i, j - 1, n) and parameter
S(S > 1) rosy oe assessed for individual periods on the basis of
the observed relative marginal frequencies (ex post probabili-
ties) e;, f., interpreted in this case as shares of the exports
(t>) and imports (7) of individual countries in the value of
exchange, that is the frequency with which triese countries emery;
as exporters or importers. On the other hand, the ex ante joint
probabilities correspond to the observed relative frequen-
cies (ex post probabilities) b(® (5), that is shares of the
export of country i to country j in the total value of exchange:

The above definitions show that observed frequencies e;, f*,
bL, - like probabilities P*, arid P~ - are nonnegative and
not greater than 1, and their sums are respectively equal to 1.
The sum of elements in each row (i r 1, ..., n) of the ex ante
probability destribution matrix P* is equal to the respective
marginal frequency e, while the sum in each column (j <1, ..., n)
is equal to marginal frequency f~.
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On the other hand, marginal frequencies ejt f~ differ from the
respective ex ante probabilities P~, 0-, except when S * 1.

The basic assumptions of this model have been formulated by
I. R Savage and K W Deutsch (1960). The mo-
del includes two systems of non-linear equations (10) and (11),
with 2n ¢ 1 unknowns which are P~ Q" (i, j =1j .,.t n) and S,
a parameter that is a function (4) of the ex ante probabilities
sought at the same time:

SPA - (S ¢ ei - fj) P. o =0 i =1, n (10)

so/ - (S & fr - -«j) 0 & fj » 0 j .1, ... n (ID

The method of an iterative solution of these equations was pro-
posed by S. S. Wagner (197U). Other, simpler algorithms
are also applied.

Let us now define the measures of stochastic dependence and
correlation between the random variables , V" introduced above.
We shall next apply these measures to an estimation of the re-
lative geographic concentration of trade within the EEC. In order
to determine them it is enough to know the empirical distribu-
tion of exchange, that is frequency b~ (5) for i, j =1, ..., n.
The marginal frequencies ex (6) and f~ (7) obtained on this
basis allow to assess parameters Pp 0" and S. They thus genera-
te a distribution of joint probabilities P~ (2), (3) which cor-
responds to the hypothesis on the stochastic quasi-independence
of wvariables , VA The observed distribution (5) of trade
generally differs from a theoretical distribution thus defined.
This applies to trade between individual countries and to whole
matrices of transaction flows, The compatibility and correlation
coefficients of variables presented above measure indivi-
dual deviations of the actual wvalues of transaction flows from
thair theoretical values, for individual pairs of countries i,



j. They may be used, however, to build congruence testa for
whole matrices of transaction flows.

The hypothesis on the quasi-independence of random variables
Ur, Vj is verified by the compatibility (more precisely, quasi-
-compatibility) coefficient 0§

§ i, j =1, .., n (12)

If the hypothesis is fulfilled then 6~ * 1. The export of country

i to country j (ajj, i / j) is then -equal to its norma-
tive value (P"QjST), and the ex post probability (b%j). of joint
realization * 1, = 1 is given by the product of ex ante
warginal probabilities P*Q" and parameter S. If the bilateral

trade links are stronger than those expected with the model ado-
pted here, then 6~ > 1. Otherwise, 0 < <657 < 1.

A similarly defined measure (12) was applied by HH Sau t-
ter (1974) (regionalization coefficient). W apply the de-
nomination of this coefficient used here in view of its analogy
with S. N. Bernstein’s compatibility coefficient. The quasi-
-compatibility coefficient (12) comes, however, directly from I.
R Savage and K W Ueutsch (1960) who defi-
ned - only a differently scaled - Relative Acceptance Index (RA)
as a measure of trade intensity, described on a flow matrix with
a zero main diagonal:

RAI:J = 6 A - 1 i, j «1,...,n (13)

The correlation (more exactly, quasi-correlation) of random

variables Uj, is measured by coefficient standardized in the
interval <-1, 1> , introduced by J. Kotynski (1979
bn - P.Q.S b I PQ '
r. « .. =(-,—4tl - SV/-m- Lj-—-—- (14)
V V 1"Pi)Qj (1°Qj) Pi°j VU-PjXI-Qj)

or, after substituting (12) and further transformations:

DS J-----Y - for i, j = Lo n, itj (15)
J 13 y (I-P~d-Qj)



Formulae (12) and (14), (15) get simplified when the theore-
tical distribution can be generated on the assumption of a (com-
plete) stochastic independence of random variables Up VA, that
is when S > 1, Pi *ep 0" =f~ for i, j » Lo The lat-
ter hypothesis abandons the assumption of a zero main diagonal

in the theoretical flow matrix. The use of simplified instead
of general formulas, particularly when the exchange between a few
countries with different shares in the total exchange is inve-
stigated, may yield, however, substantially different results,

leading to erroneous conclusions.

A.2. Score - Algorithm for Calculation
on theoretical Trade Distribution

The parameters determining the theoretical distribution of
international trade can be estimated by use of a simple iterative
procedure proposed by I. A Cood man (1964) 2n auxi-
liary variables (multipliers) Up Vj (i, J « 1, ..., n) are first
computed. (The symbols Up v” introduced here have a different
meaning than the random variables Up WV* of the para A.l). Their
products form a matrix of expected trade shares (ex ante joint
probabilities) p~ (2):

Pjj * uivj: i ] = Lo n I/ (16)

Thus the multipliers Up v~ are sufficient for generation of
theoretical trade shares. They allow as well for computation of
the compatibility coefficients 6~ (12) if the actual trade
al ares bp are also given.

ine multipliers Up Vj are not however suificient for compu-
tation of the quasi-correlation (or S-correlation) coefficients
r*j  (15). For that purpose the estimates of the theoretical
marginal probabilities Pp and of the S-parameter are needed.
The latter coefficients can be derived immediately once the mul-
tipliers Up Vj (or their 1-th approximations) are computed.

The procedure presented here allows for simultaneous, itera-
tive calculation of the Up multipliers and the Pp Q" and S
parameters. In this respect it differs from the L. A Go o d-
Il ans algorithm (1964).



The ex ante marginal probabilittes
normalization of the u” v» multipliers;

, 0N are derived by

ut i~ 1, ....n an

j- J4 by e T (18)

The S-parameter is estimated either as a function (19) or (20)
of the multipliers Uj, v, or as a function of the probabilities
PJ( Qj, defined earlier (4).

s - (C wud) (r Vij) f (19)
S=14 A uh (20)

The core of the problem is to estimate the values of the
multipliers u”, v”, given the actual marginal shares (frequencies)
ei> <i, j =1. .... n). In successive iterations (1 = 1, L)
the values of the multipliers referring to exports (ujQ) and

imports (vjQ)) are estimated by use of recursive formulae (21)
and (22):

Ui(1)= i = Lo n (21)

'j(D = _ J
m uid-D

| * n (22)

As initial values of the multipliers the respective marginal
export and import shares are introduced:



YHo) - Vv vj(0) -

(As initial value of S » 1 is assumed)

In each iteration an estimate S”jj of the parameter S is corj-
fiuted, according to the forraul-n (19) or (20), eg.:

sa> 11Zj und) (1)) (24)

Next an absolute change in the S-estiroate is calculated and
compared with the assumed tolerance coefficient C .

S(j)-Su-I)y« <15>

The procedure stops if the result of the test (25) is ©posi-
tive (i.e. if the change in successive approximations of S s

relatively small) or if the assuroed maximum number of iterations
(t.) is implemented.

in each iteration 1 approximate values of marginal probabi-

lities Pj'D a°d Qj.'j) can also tie calculated on the basis of
the general formulae 07) and (18):

e — 1= Lo " Q>

Qi(1> S i1, n (27)

Analogously, in eacn step the estimates of ex ante joint
probabilities (theoretical trade shares) can he genera-
ted, according to the general formulae (16) v (2):

Pij(1) 1 ai(l)wi(l) i o= n,oi il (28)

or

pij(l) =s(i)pi(i;Q(l) [P n, i/] (29)



Obviously, the assumption (3) of a zero main diagonal is nrai-
ntained in each iteration:

piia) *0 (30)

Kor intermediate steps the above part (26)-(JQ) of the SCORE
algorithm is facultative as it has no influence on final estima-
tes of the parameters. Thus the estimates of the probabilities
Pp Q (i, j * 1, n) can be computed only in the final ite-
ration by normalization (26)-(27) of the multipliers uj(i)i
v5(l) if condition (25) is fulfilled (or if 1 = L). Hext the
estimates of the joint probabilities, (28) or (29), are calcula-
ted .

l. A Goodman (1964) proved that the iterative pro-

cedure used for calculation of the u”, v multipliers is conver-
gent (formulae (21)-(2J)). By the same the convergence of the
whole SCORE algorithm presented above is also assured, since the
remaining formulae express functional relationships between the
multipliers nm Vj, on the one hand, and the parameters S, pPA,
Uy . PI,. on the other.
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Juliusz Kotynski

INTENSYWNOSC HANDLU W RAMACH RWPG | BEWG

Intensywnos$¢ handlu miedzy siedmioma europejskimi krajami
RWPG i- dziewiecioma BWG w latach 1970-198U jest rozwazana przy
uzyciu miar stochastycznych - wspo6tczynnikéw korelacji i porow-

nawczych, definiowanych na podstawie macierzy handlu. Rozktad



teoretyczny handlu j«st wyprowadzony z probabilistycznej modelu
Savage a-Deutscha opartego na hipotezie quasi-niezaleznoaci po-
chodzenie-przeznaczenie.

Ugrupowania integracyjne sg podzielone na podzbiory wg rela-
tywnych odlegto$ci handlu krajow-cztonkéw w stosunku do handlu
globalnego, jak rowniez do handlu wewngtrz regionu. Metody miar
intensywnos$ci handlu pozwalajg na kwantyfikacje i poréwnanie kon-
centracji geograficznej obrotéw RWPG i BWG w grupach towaréw o-
raz tendencji dystrybucji tego handlu.



